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Summary

The City of Plzefi in the Czech Republic is considering options for providing energy services to its
citizens in order to lower their energy bills and reduce pollution created by the burning of low quality
brown coal. The U.S. Agency for International Development (AID), under the Support for Eastern
European Democracy (SEED) program, agreed to fund an assessment of the space and water heat
efficiency potential in the buildings sector in the City of Plzefi. The assessment was funded through the
U.S. Department of Energy’s (DOE) Office of Energy Efficiency and Renewable Energy (EE) and
conducted by the Pacific Northwest National Laboratory (PNNL) and its subcontractors, Tecogen, a
U.S.-based energy research and development firm, and SEVEn, the Czech Center for Energy
Efficiency.

The purpose of this assessment is to develop information on the energy efficiency potential in the
buildings sectors. City management will use this information to support decisions on the provision of
. energy services to Plzeii’s citizens. In support of this purpose, specific objectives of this effort are

« To characterize baseline space and water heat energy use and efficiency potential that exists in the
residential and non-residential buildings sectors in the municipality of Plzeri.

» To develop capability in Czech organizations to conduct energy assessments modeled after
procedures employed in the U.S. to support energy efficiency resource acquisitions.

This effort is not intended to provide a definitive analysis to enable selection of specific technologies
for application, but to identify the major areas of efficiency potential and cost-effectiveness.

Subject to the data limitations and assumptions made, a significant efficiency resource exists in the
space and water heating end-uses in the residential and non-residential buildings sectors. At current
prices, this resource amounts to 27 % of total buildings sector space and water heat energy consumption
and increases to 29% and 34 % of buildings sector consumption in two scenarios in which energy price
controls and subsidies are relaxed.

About 84 % of the efficiency resource resides in the district heating area at current fuel prices; this
drops to 80% and 67 % of the efficiency resource in the low and high price scenarios. Space and hot
water heat provided by gaseous fuels is the next largest resource, increasing from 14 % of the resource
under current prices to 17% and 20% in the low and high price scenarios. While coal consumption for
local boiler and on-site consumption is expected to increase significantly, it accounts for less than 2% of
the total efficiency resource under the high fuel price scenario. Under the high price scenario,- the coal-
based efficiency resource increases to about 13% of the total resource. The electricity-based efficiency
resource is the least sensitive to fuel prices and amounts to less than 1% of the total efficiency resource
in all price scenarios. -

Nearly 80 % of the residential sector efficiency resource is in the high-rise multi-family building
types, and of this, 98 % is in the district heating area under current fuel prices. Under the high fuel
price scenarios, about 70% of the residential sector efficiency resource is in the high rise building types,
of which 90% is in the district heating area. In the non-residential sector, about 65 % of the efficiency
potential resides in the education, office and retail building types under all three fuel price scenarios.




" The share of the efficiency in district heat for these three types combined is 83%, 80% and 68% for the
1993, low and high fuel price scenarios, respectively.

The combination of the high-rise multi-family, education, office, and retail building types served by
district heat contains over 60% of the total buildings sector space and water heat efficiency potential
under the current and low fuel price scenarios; this decreases to about 50% in the high price scenario.
Acquisition of this potential alone would result in about a 17% reduction in total buildings sector space
" and water heat energy consumption in all three fuel price scenarios and a 30% reduction in buildings
sector space and water heat provided by district heat.

The levelized energy cost of the total efficiency resource is about 74 Crowns/ gigajoule (Kc/GJ)
compared to the current consumption weighted average energy price of 103 Kc/GJ. At the low and high
consumption weighted prices of 152 Kc/GJ and 286 Kc/GJ in the low and high price scenarios, the
residential sector levelized energy cost is 75 Kc/GJ and 79 Kc/GJ, respectively. Under current prices,
the levelized energy cost of the efficiency resource within the district system fuel type is about 79 Kc¢/GJ
compared to 136 Kc/GJ for district heat. Under the respective low and high price scenarios, district
heat is projected to increase to 200 Kc/GJ and 350 Kc/GJ compared to a levelized energy cost for the
district heat based efficiency resource of 80 Kc/GJ.

Under two future consumption scenarios and in absence of actions to acquire energy efficiency,
buildings sector space and water heat energy consumption is projected to increase by 1% and 6% overall
by the year 2003. Depending upon changes in fuel prices, future buildings sector space and water heat
énergy consumption could decrease approximately 22% to 34 % if the entire resource were acquired.

With respect to the second major objective of developing in-country expertise, the Czech team led
by SEVERn participated in all aspects of the study with the U.S. participants serving primarily in an

advisory capacity. It is felt that assessment capabilities were successfully transferred to the Czech study
participants and the process and results were well received by the City staff.
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1.0 Introduction

The City of Plzeti in the Czech Republic is considering options for providing energy services to its
citizens in order to lower their energy bills and reduce pollution created by-the burning of low quality
brown coal. In the fall of 1992, the U.S. Agency for International Development (AID) under the
Support for Eastern European Democracy (SEED) program, agreed to fund an assessment of the options
for providing heating energy to the buildings sector in the City of Plzexi.

AID entered into an interagency agreement with the U.S. Department of Energy’s (DOE) Office of
Energy Efficiency and Renewable Energy (EE) and Office of Fossil Energy (FE) to provide the needed
assistance. EE and FE were assigned responsibility for the demand- and supply-side assessments,
respectively. In addition, EE was assigned the lead for integrating the demand- and supply-side
assessments to provide the combinations of energy efficiency and supply resources in order to meet the
heating requirements of Plzeii’s buildings sector, given cost and environmental considerations.

This report documents the assessment of the buildings sector efficiency resource conducted by the
Pacific Northwest National Laboratory (PNNL) and its subcontractors, Tecogen, a U.S.-based energy
research and development firm, and SEVEn, the Czech Centér for Energy Efficiency. The supply
resource assessment conducted by Gilbert-Commonwealth, Inc., an engineering consulting firm, was
developed concurrently. PNNL has responsibility for the integration of the efficiency and supply
TESOUICE asSessments.

1.1 Scope and Approach

The purpose of this assessment is to develop information on buildings sector energy efficiency
potential needed by City management to support decisions on the provision of energy services to Plzeii’s
citizens. In support of this purpose, specific objectives of this effort are

» To characterize baseline space and water heat energy use and efficiency potential that exists in the
residential and non-residential buildings sectors in the municipality of Plzei.

"+ To develop capability in Czech organizations to conduct energy assessments modeled after
procedures employed in the U.S. to support energy resource acquisitions.

This effort is not intended to provide a definitive analysis to enable selection of specific technologies for

application.

The baseline energy-use characterization segments the residential and non-residential building stock
into individual building types and estimates the space and water heat energy consumption by each
building type, fuel type, and equipment type. The efficiency potential is then estimated for each
building, fuel and equipment type based upon cost-effectiveness criteria. Major considerations for the
acquisition of the efficiency resource are identified; it is anticipated these will be pursued subsequent to
this assessment. .

A key aspect of the effort is to build the capability in Czech organizations and individuals for
conducting subsequent assessments employing integrated resource planning principles used by the U.S.




utility industry. To this end, Czech organizations and experts participated in all aspects of the study
with the U.S. participants serving primarily in an advisory capacity.

1.2 Report Organization

This report summarizes the detailed assessment that was wntten in Czech and is organized into the
following five chapters:

+ Chapter 2 provides the baseline and forecast of the demand for thermal energy consumed to provide
space and water heat.

+ Chapter 3 presents the efficiency resource options considered and the estimated efficiency resource.

 Chapter 4 discusses approaches and .issues for consideration for the acquisition of the buildings
sector efficiency resource.

+ Chapter 5 presents the summary and conclusions.

For readers interested in converting the energy and currency units to British Thermal Units (Btu)
and dollars, one glgajoule (GJ) equals one million Btu and about 28 Czech Koruna (Kc) equals one U.S.
dollar.

1.3 Study Participants

The Pacific Northwest National Laboratory, one of DOE’s five multi-program research laboratories,
conducts a significant number of programs in the area of energy efficiency and integrated resource
planning. PNNL’s Advanced International Studies Unit (AISU) conducts research on global climate
change and manages cooperative programs to transfer energy-efficiency practices and technologies to
other countries. PNNL provided the technical and management oversight for this effort.

PNNL/AISU contracted with the U.S. firm Tecogen and the Czech Center for Energy Efficiency
(SEVER) 10 support the demand-side and integrated assessment activities. Tecogen, a subsidiary of
Thermo Electron ‘Corporation, specializes in the development and manufacture of gas-fired cogeneration
and cooling equipment and has significant experience in energy demand assessment and field evaluation
of energy-producing and -consuming systems. Tecogen conducted the assessment of demand-side
resource opportunities and provided technical suppott for the integration of the demand and supply
TEesources.

SEVEn is a Czech non-governmental, non-profit organization dedicated to improving economic
development and the environment through' energy efficiency. SEVEn provided the Czech lead for the
demand-side assessment activities and the interface to the City of Plzeti for project communications, and
represented the study recommendations to the City and other organizations. SEVEn engaged the.
expertise of Mr. Martin Pys, the Energy Service Company, and EnergoCentrum.



2.0 Energy Use Baseline and Demand Forecast

An estimate of baseline thermal energy use and future demand underlies the analysis of the
efficiency resource in this assessment. Section 2.1 contains the sectors defined for the analysis and
estimates for the residential building stock and floorspace. Section 2.2 provides the baseline thermal
energy use for the entire City by fuel form, sector and major end-use (heating, hot water and process
energy). Projected growth in energy consumption through the year 2003 is discussed in Section 2.3.

2.1 Sector and Subsector Definitions

Three sectors were defined for allocating the consumption of thermal energy: residential, non-
residential and industrial. Subsectors within each sector were then defined and floorspace estimates
within the residential sector were developed to support the analysis of efficiency potential.

2.1.1 Residential Sector

The urban district—of which there are 94—was selected as the level of analysis for estimating
residential floorspace and building type as this is the smallest territory for which building type data is
available from the Federal Statistical Office and the Plzefi Municipal Information System. In
cooperation with staff from the Plzeii Department of Planning and Development, 11 residential building
types were specified as follows: )

Res-1 300 - 400 year old houses

Res-2 150 - 180 year old houses

Res-3 Houses from the beginning of the 20th century

Res-4 Villa houses from the 1930s

Res-5 One-floor detached houses

Res-6 Two-floor detached houses

Res-7 Cooperative buildings from the 1950s and 60s

Res-8 Eight-floor pre-fab houses PS 69, type 324 (before 1981)
Res-9 Eight-floor pre-fab houses PS 69, type 324 (after 1981)
Res-10 Eight-floor pre-fab houses PS 69, type 34143 (before 1981)
Res-11 Eight-floor pre-fab houses T06 B

The estimated number of residential buildings and heated square meters by building type for the
City of Plzeii are shown in Table 2.1.

Considerable discrepancies existed in the floorspace estimates within certain urban districts. These
discrepancies were resolved in consultation with staff from the Plzeti Department of Planning and
Development.

These data indicate that about 50% of residential heated floorspace is in the pre-fab high-rise multi-
family housing types (Res 8-11) and another 7% is the multi-family cooperative type (Res-7). Detached
housing (Res 5-6) accounts for about 16 % of heated floorspace, with the remaining 26 % accounted for
by the four building types dating from the early 1930°s and before.




Table 2.1. Estimated Number of Residential Buildings by Type and

Heated Square Meters
Number of
Group Buildings Heated m> | % of m*

Res-1 137 56,370 1
Res-2 1,177 392,287 8
Res-3 1,120 718,741 14
Res4 377 . 142,347 3
Res-5 5,851 464,088 9
Res-6 2,218 364,716 7
Res-7 706 334,522 7
Res-8 " 605 836,628 17
Res-9 289 399,284 8
Res-10 80 180,560 4
Res-11 1,060 1,123,488 . 22
Total 13,620 5,013,031 100

2.1.2 Non-Residential Sector
The seven building types identified in the non-residential sector are as follows:

NonRes-1 Education (primary, secondary schools, universities)
NonRes-2 Health Institutions (including nursery schools)
NonRes-3 Gymnasium

NonRes-4 Office/Administration

NonRes-5 Retail Services

NonRes-6 Accommodation

NonRes-7 Cuiture

Data limitations coupled with time and budget limitations dld not permit a comparable
characterization of the non-residential building stock.




2.1.3 Industrial Sector
Five major types of industrial activity were specified for the analysis as follows:

Ind-1 Machine Tool Industry and Steel Production
Ind-2 Building Material Production

Ind-3 Paper Industry

Ind4 Agricultural Production

Ind-5 Food Processing Industry

2.2 Thermal Energy Consumption Baseline

This section describes the consumption of thermal energy within the municipality of Plzeii. The
year 1989 was selected for the base year because it was the most recent year for which a weather tape
was available to drive the simulations for estimating end-use consumption levels and the performance of
applicable efficiency measures. Consumption is provided by major fuel form (district heat and solid,
liquid and gaseous fuels) and defined sector and subsector.

Data on delivered energy were often limited in quantity and quality, which required estimation
based on calculations and assumptions. Consumption data for each fuel type were developed as follows:

* Solid fuel consumption was estimated from limited delivery data augmented by assumption and
calculation.

* Liquid fuel consumption was based on data from the REZZO emissions sources data base maintained
by the Ministry of Environment and from Benzina, the state-owned company responsible for liquid
fuels.

+ District heat energy consumption was developed from data provided by CHSS, the municipal heat
transmission and distribution company; ZCE, the West Bohemia Electric Company; and TEZA, the
municipal district hedt supply company. These data reflect the estimated consumption for which
customers are billed; this consumption is based upon heated floor area and other customer
characteristics.

* Electricity consumption data are available from metered consumption records for individual
customers; each living unit is metered separately. These data include several end-uses, which may
include heating and hot water, so estimation was required to develop space and water heat
consumption.

* Gaseous fuels consumption data were obtained from the West Bohemia Gasworks, which meters
deliveries for nearly every customer.

Table 2.2 provides the fuel input to major type of conversion unit and process for the production of
heat energy in Plzeri. On-site consumption refers to the conversion of fuel to heat and/or hot water
within the individual living space, be it a single or multi-family dwelling. Boiler plant consumption
refers to 586 distributed boilers located in the city, each serving a single building or a group of
buildings. CHSS consumption refers to either the central or distributed boilers serving the CHSS
systems.




Table 2.2. Total Primary Fuel Input for the Production'of Heat Energy, ' 1989

g Solid Fuels Liguid Gaseous .

Place of Consumption (GJ) Fuels (GJ) Fuels (GJ) Total (GJ) (%)
On-site 857,212 0 1,157,834 2,015,046 10
Boiler plaats 1,450,050 585,247 2,323,767 4,359,064 21
CHSS Sources 14,341,440 149,645 0 14,491,085 69
Totals (GJ) 16,648,702 734,892 3,.481',601 20,865,195
(%) 80 3 17 100

This shows that approximately 70% of the heating éne'rgy is consumed in the CHSS system and that
80% of the heating energy is in the form of solid fuels, primarily coal.

The 20.9 million GJ of primary energy consumed to produce thermal energy is accounted for by
major function as shown in Table 2.3.

Table 2.3. Primary Heat Energy Fuel Consumption by Function, 1989

Consumption
Function (thousand GJ)
Heat and Hot Water
Residential 3,047
Non-Residential 1,769
Industrial 3,038
Total 7,854
Process
Industrial 4,041
Other 207
Total 4,248
Electricity Production 675
Losses
CHSS . 6,417
Other 1,565
Total 7,982 -
Total 20,865




Of total primary energy consumption used to provide thermal energy, about 38% provides space
and water heat, 20% meets process energy requirements, 38 % is lost in conversion and transmission/
distribution losses, and about 3% goes to electricity generation. Losses for the production and
transmission of district heat amount to about 44 % of total energy input to generate district heat.
Conversion losses for local consumption and boilers amount to about 25% of their total combined
energy input. Discussion of heat and hot water energy and process energy use follows in the next two
subsections.

2.2.1 Heat and Hot Water Consumption

Energy consumption for heating and hot water use by fuel type and heating equipment type is
shown in Table 2.4 for the three sectors. Nearly 40% of heat and hot water energy use is accounted for
by the residential sector, about 22% by the non-residential buildings sector, and 40% by the industrial
sector. District heat is the major energy source for heat and hot water at 64% of the total, followed by
building boilers supplying at 18%, and individual home heating equipment at nearly 17%.

Table 2.4. Space and Water Heat Energy Consumption by Fuel Type,
Heating Equipment Type and Sector, 1989

On-Site Boiler Plants

Solid Gas Solid Liquid Gas Electr.

Fuels Fuels Fuels Fuels Fuels CHSS Energy Total
Group G GJY) GY) (G GY) (GJ) (&) GD (%)
Res 318,169 | 633,912 233,275 0| 108,690 | 1,673,465 79,884 | 3,047,395 | 38.80
NonRes 92,987 184,831 238,944 2,653 | 236,679 994,823 17,739 | 1,768,655 | 22.5
Ind 46,493 25,538 176,989 129,475 290,239 | 2,359,975 8,870 | 3,037,579 | 38.69
Totals
(G)) 457,649 844,281 649,208 132,128 | 635,608 | 5,028,263 106,493 | 7,853,629
(%) 5.83 10.75 8.27 1.68 8.09 64.02 1.36 100.00

Residential Sector

Residential sector space and water heat end-uses are shown in Tables 2.5 and 2.6, respectively, by

fuel type and equipment type for each of the 11 identified building types. Space heat accounts for

nearly 80% of the total energy used for residential heat and hot water energy consumption.

The four high-rise building types account for about 55% of space heat energy use and about 51%
of the total floorspace, yielding the highest use intensity. These buildings are also predominantly served
by district heat, which accounts for about 88 % of their total estimated heat energy use and 90% of the
residential sector space heat consumption supplied by district heat. The remainder of the residential
building stock is served primarily by home heating equipment fired by solid fuel and gaseous fuels,
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Table 2.5. Residential Sector Space Heat Energy Consumption by Fuel Type,
Heating Equipment Type and Subsector, 1989

On-Site Boiler Plants
Solid Gas Solid Gas Specific
Building | Fuels Fuels Fuels Fuels CHSS Elect. Cons.
Group G) G) G) ((3)] (GY) ()] Total (G)) | Area (m?) (Glim?) )
Res-1 16,157 | 9,854 0 -0 0 644 26,655 56,370 0
Res-2 41,623 68,990 3,995 | 17,616 7,258 4,829 144,311 392,287 0
Res-3 19,445 | . 121,252 50,822 | 15,273 70,150 6,117 283,059 718,741 0
Res-4 15,445 46,368 0 1,220 0 2,575 65,608 142,347 0
Res-5 129,739 93,229 0 485 112 9,658 233,223 464,088 1
Res-6 86,493 69,287 o 1 280 6,439 162,499 364,716 0
Res-7 9,267 69,532 5,882 | 23,075 51,682 1,932 161,371 334,522 0
Res-8. | 0 0 "0 0| 457,987 0 457,987 836,628 1
Res-9 0 0 0 o 235101 o| 235101 399,284 1
. Res-10 0 U] 0 1,078 88,778 0 89,856 180,560 1
Res 11 0 20,197 | 116,591 | 23.856 393,449 0 554,093 | 1,123,488 0
Total 318,169 | 498,709 | 177,290 | 82,604 | 1,304,797 32,194 | 2,413,763 | 5,013,031 0
Table 2.6. Residential Sector Water Heat Energy Consumption by Fuel Type,
Heating Equipment Type and Subsector, 1989
Boiler Houses
Building Group Gas (GJ) Solid (GJ) Gas (GJ) CHSS (GY) Electricity (GJ) Total (GJ)
Res-1 )1,396 0 0 0 2,384 3,780
Res-2 10,450 1,262 5,563 2,051 6,200 25,525
Res-3 30,514 16,049 4,823 19,821 2,861 74,068
Res-4 18,409 0 385 0 2,385 21,180
Res-5 24,928 0 153 32 19,553 44,666
Res-6 18,225 "o 0 79 12,876 31,180
Res-7 25,282 1,858 7,287 14,603 1,431 50,460
Res-8 0 0 0 129,404 ] 129,404
Res9 0 0 0 66,427 0 66,427
Res-10 0 0 " 340 25,084 0 25,425
Res-11 5,998 36,818 7,534 111,168 0 161,518
Total 135,202 55,987 26,085 368,669 47,690 633,632
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which account for 13% and 21% of total energy use, respectively. Local boilers account for about 10%
of residential space heat energy consumption, with solid and gaseous fuels at 7% and 3% of the residen-
tial total, respectively. Only three building types are served to any extent by local boilers using solid
and gaseous fuels—150-180 year old houses, multi-family houses dating from the beginning of the 20th
century, and vintage cooperatives from the 1950s and 60s.

As with heat energy consumption, the four high rise building types account for the majority of
energy use for hot water, accounting for 60% of the total hot water energy use. Of this amount, about
87% is provided by the district heating system and the remainder by natural gas and solid fuels, about
10% and 4%, respectively. Following district heat at 58 % of total hot water energy use, natural gas is
second, accounting for about 25% of total energy use, and solid fuels and electricity are about equal at
8% each.

Non-Residential Sector

Estimated heat and hot water energy use in the non-residential sector is displayed in Table 2.7.
Education, office, and retail service buildings account for about 65 % of total non-residential sector use,
followed by health and lodging buildings that account for another 22% of heat and hot water usage.

District heat accounts for about 56 % of total heat and hot water use, with education and office
buildings accounting for over half of this usage. Individual boilers provide the next largest share of heat
and hot water, 27 %, which is split nearly equally between solid and gaseous fuels. Individual home
heating equipment accounts for the remaining 16 % of energy consumption, two-thirds of which is
supplied by gaseous fuels.

Table 2.7. Non-Residential Sector Space and Water Heat Energy Consumption by Fuel Type,
Heating Equipment Type and Subsector in 1989

On-site Boiler Plants
Solid Gas Solid Liquid Electr.
Fuels Fuels Fuels Fuels Gas Fuels CHSS Energy Total
Group GhH Gh ()] G) G Gy G GhH %
NR1 23,247 22,189 56,718 0 45,422 353,711 4,435 | - 505,783 | 28.6
NR2 11,639 6,840 8,590 0 43,178 118,190 2,424 190,861 10.8
NR3 5,279 8,614 23,025 1,022 11,255 24,207 809 74,210 42
NR4 16,374 36,286 46,279 0 24,939 180,388 3,000 30,7266 17.4
NR5 18.496 96,743 32,288 1,239 46,575 143,655 3,652 342,648 19.4
NR6 11,608 5,746 62,100 0 20,829 8,8264 2,010 190,557 10.8
NR7 6,344 8,413 9,944 392 4,4481 86,348 1,409 157,330 8.9
Total
(GD) 92,987 | 184,831 | 238,944 2,653 236,679 994,823 17,739 | 176,8656
(%) 5.3 10.5 13.5 0.2 13.4 56.2 1.0 100.00




Industrial Sector

As shown in Table 2.4, industrial sector heat and hot water consumption is provided almost
exclusively by district heat, 78 %, and another 10% provided is by gaseous fuels in individual boilers.

2.2.2 Industrial Process Energy

Energy consumed for industrial processes is shown in Table 2.8 for the five major industrial sectors
in Plzedi. The machine tool industry and steel production sector account for nearly 60% of process
energy followed by food processing at 28 % and paper processing at 11%. District heat is the major fuel
type, providing 46 % of industrial process energy, of which nearly three fourths is consumed in the
machine tool and steel sector. Of the gaseous fuels, over half are consumed in the machine tool and
steel sector and 40% are consumed in the food industry.

Table 2.8. Industrial Sector Heat Energy Consumption by Fuel Type, Equipment Type,
and Subsector, 1989

Boilers and Other Processes

Solid '

Fuels Oil District Total

Sector (G)) (G)) Gas (GJ) | Heat (GJ) (GJ) (%)

Machine Industry +
Steel 172,800 0 856,625 1,326,000 | 2,355,425 | 58.28
Production of
Construction
Materials (pre-fab
blocks) 12,839 | 33,598 15,221 0 61,658 1.53
Paper Industry 49,254 | 382,255 0 0 431,509 | 10.68
Agriculture 0 0 50,098 0 50,098 1.24
Food processing
(brewery) 14,460 0 591,163 536,918 | 1,142,541 | 28.27
Total (GJ) 249,353 | 415,853 | 1,513,107 1,862,918 | 4,041,231
(%) 6.17 10.29 37.44 46.10 100.00

2.3 Scenario Assumptions

This section develops two scenarios for energy demand growth for the buildings and industrial
sectors.. High and low growth scenarios were developed based on projected economic activity and
populatlon growth from 1993 to 2003. In the high scenario, the municipality's population is projected
to increase 8% from'today's 171,000 to 185,000; and decrease by 3.5% in the low scenario to 165,000,
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The high scenario assumes a 4% overall growth in space and water heat energy consumption for all
three sectors and about 6 % for the residential and non-residential buildings sectors from 1993 to 2003.
Of the forecasted 316,000 GJ increase, the residential sector growth rate is expected to be 0.5%
(16,000 GJ), 13% for the non-residential sector (245,000 GJ), and 2% for the industrial sector
(55,000 GJ). The low scenario projects a 1% growth in space and water heat energy demand over the
same period, or about 80,000 GJ. Both scenarios forecast no change in per square meter energy use
from the 1989 base period for existing buildings, and new buildings are expected to use slightly less
' energy per square meter than the 1989 base consumption levels.

11







3.0 Buildings Sector Efficiency Assessment

This section presents the estimated efﬁc1ency resource in the residential and non-residential
buildings and the industrial sectors. Section 3.1 describes the efficiency measures considered and not
considered. The technical and economic analysis approach employed to estimate the efficiency resource
is described in Section 3.2. The buildings sector efficiency resource is presented in Section 3.3. Sec-
tion 3.4 provides a brief discussion of the industrial sector efficiency potential.

3.1 Efficiency Measures

Fifty energy conservation opportunities (ECOs) were considered for evaluation for the residential
and non-residential building stock in Plzeti. Of these, 24 ECOs were determined to be applicable to
more than one building group and were analyzed with respect to energy efficiency potential, cost, and
availability on the Czech market. A brief description of the ECOs follows: measures considered are
presented in Section 3.1.1, measures not considered are located in Section 3.1.2, and a summary of the
measures considered is located in Section 3.1.3.

3.1.1 Efficiency Measures Considered

The 24 efficiency measures considered are presented by category of application: building envelope,
domestic water heating, heating system, and ventilation and heat recovery.

Building Envelope Measures

Insulate Building Exterior Side Walls. Insulation installed on the exterior walls of the building
improves the R-value, or thermal retention, of the building shell and therefore decreases the heat losses
through the walls. Depending on the method used and material thickness, the R-value of the walls may
be increased by 0.8 to 1.4 m?K/W. Exterior insulation also results in increasing the exterior zone
temperature by as much as 3° to 5°C, thus indirectly reducing overheating of the building core space
when building temperatures are properly adjusted. An additional positive effect is the elimination of

_moisture condensation on the interior side of the walls in cold weather. Although this ECO is widely
used, poor workmanship causes the results to be less than expected in many installations.

Insulate Top Floor Ceiling. The top floor ceiling in many building types is poorly insulated, which.
results in a substantial heat loss from the top floor, and higher space heat to compensate for this often
causes overheating of the building core space. Insulating the top floor ceiling from the interior side is
applicable to buildings with a flat roof, where adding insulation from the exterior side would require
extensive effort to keep the insulation protected from the weather. The ceiling insulation is designed not
to upset the appearance of the apartment interior and increases the R-value by 2.1 to 3.0 m*K/W.

Insulate Attic. Insulating the attic is a widely used method of reducing heat losses in a building with
an attic space. The in